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METHOD FOR PRECISION LOW STRESS
CORING AND SLICING OF APPLES AND
OTHER SOFT-CORED OR PITTED FRUITS

PRIORITY CLAIM

This application 1s a divisional of U.S. application Ser. No.
10/878,960 filed on Jun. 28, 2004 entitled MACHINE FOR
PRECISION LOW-STRESS CORING AND SLICING OF
APPLES AND OTHER SOFI-CORED OR PITTED
FRUITS now U.S. Pat. No. 7,185,583, which application
claims priority to U.S. Ser. No. 60/482 982 entitled PRE-
MIUM APPLE SLICING SYSTEM filed Jun. 27, 2003 and
U.S. Ser. No. 60/574,348 entitled A SYSTEM AND
METHOD FOR APPLE SLICING AND A DOUBLE-
SEALING TRAY filed May 235, 2004, all of which are hereby
incorporated herein by reference n thelr enftirety as 1f fully set
torth herein.

FIELD OF THE INVENTION

An apple processing machine which cores and slices
apples and other soft fruits that are intended for fresh-slice
consumption.

BACKGROUND OF THE INVENTION

Throughout history and prior to the mad 1990’s, 1t was
universally recognized that fresh sliced apple wedges would
begin to turn brown within a few minutes of slicing. Conse-
quently, fresh apples have always been sold in whole form
and sliced i1n the home or restaurant just before use. The
exceptions are the processors who slice apples for pie filling,
dehydrated and canned fruit. Apples sliced toward these pur-
poses do not require the scrutiny that a consumer would give
to fresh-slice consumption. Consequently, the prior art of
apple coring and slicing has focused on speed rather than
accuracy, permitting “allowable” levels of bruising, or other-
wise damaging of the fruit. Near pertect slicing with little or
no bruising was perceived as unnecessary.

Breakthroughs in enzyme research during the 1990°s have
produced a solution for keeping apple slices from turming
brown. This has created consumer demand for sliced apples
for fresh consumption and greater consumer scrutiny of the
product. However, existing equipment can not meet the
demand for this higher level of apple-slice quality. Current
machinery uses mechanical grippers, pins, conveyers, agita-
tors and other similar means to orient apples, hold them
during slicing or peeling, transier them from station to sta-
tion, and cut away at their seed pods and skins.

Although prior inventions have attempted to accomplish
“careful handling”™ of fruit in the slicing process, they all fall
short of their objectives. Examples are as follows:

1) Some prior art devices attempt to orient the apple using,
locators 1n the blossom and stem holes, but thereafter transfer
the apple through successive stations where that registration
1s lost. The stations where the “orientation” occurs are not the
stations where the slicing and related processes occur; 2)
Machines that mechanically remove the core from the middle
of the apple fail to recognize that the core of the apple 1s not
always 1n the geometric center of 1ts equator, or 1n the center
of gravity of the apple. The core 1s more typically i line
between the stem hole and the calyx; but even then the axis
tormed by the stem hole and calyx 1s often enough not an axis
through the center of gravity of the apple. As a result of these
problems, the prior art machines do not consistently and
accurately remove the entire core with a minimum of damage
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and lost fruit; 3) Prior devices “grab” or grasp the outside of
the apple mechanically, which bruises the apple, causing
discoloration, change of flavor and more rapid decay. Bruises
from pressure will turn brown even with enzyme treatment; 4)
Nibbling away at the core or trepanning or machining or
spiral cutting the core of the apple causes abrasion which also
causes browning in spite of enzyme treatment; and 5) Any
tearing action (as opposed to cutting) breaks up the cell struc-
ture of the apple meat and causes browning and unsightly and
unappetizing rough surfaces.

SUMMARY OF THE INVENTION

The preferred embodiment of the present invention relates
to solving the foregoing and related problems. The preferred
embodiment of the present invention relates to a solution to
creating fresh apple slices with little or no deterioration and
discoloration. The preferred embodiment of the present
invention comprises features that previously have never been
addressed: avoiding the need for mechanical “gripping” on
the outside of the fruit; holding the apple by the core during
coring and slicing; holding the travel path of the apple straight
as the apple passes through the slicing blades; piercing the
core and 1solating 1t, not spiral cutting the core away as debris;
and locating, coring and slicing all in one station and/or 1n one
continuous movement.

Objects And Features Of The Preferred Embodiment Of
The Invention

One principal objective of the preferred embodiment of
this invention 1s to core and slice apple wedges for fresh-slice
consumption, by minimizing mechanical stresses on the
apple during processing and by effecting straight and precise
cuts through the apple with little or no tearing of the apple’s
cell structure.

An object of the preferred embodiment of this invention 1s
to hold the apple by the core, using a compressive force
applied between twin-opposed coaxial pins that are posi-
tioned into the calyx and the stem hole, the force being sui-
ficient to retain the core after the edible portion of the apple 1s
removed.

Another objective of the preferred embodiment of this
invention 1s to accurately locate the core and seedpod of the
apple and to remove them in solid form without creating
debris.

Another objective of the preferred embodiment of this
invention 1s to hold the apple by the core, 1n order to eliminate
machine contact with the outer skin of the edible part of the
apple, thereby preventing grasping, pinching, impacting or
similar pressures that would otherwise bruise the edible por-
tion of the apple.

Another objective of the preferred embodiment of this
invention 1s to provide for human discretion in the placement
and orientation of the apple before coring and slicing.

Another objective of the preferred embodiment of this
invention 1s to hold the apple by the aforementioned pins and
to shape the contact surfaces to {it the apple’s contour 1n those
regions, thus maximizing their area of contact.

Another objective of the preferred embodiment of this
invention 1s to hold the core of the apple between the afore-
mentioned pins with a pressure that can be adjusted to accom-
modate the characteristics of different varieties of fruit, their
hardness, pressure and other characteristics that affect the
general strength of the fruit during processing.

Another objective of the preferred embodiment of this
invention 1s to provide a straight and continuous guide path of
apple movement by aligning the concentricity of guide pins,
core tube and ram.
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Another objective of the preferred embodiment of this
invention 1s to provide a straight and continuous guide path
for the apple’s movement by requiring the outside diameters
ol the core tube and lower guide pin to be effectively the same
diameter, same shape, same surface finish and joined “in line,
end to end” during slicing.

Another objective of the preferred embodiment of this
invention 1s to pierce the core of the apple with a thin-walled
core tube, to minmimize iriction and displacement of the
apple’s cell structure during coring.

An object of the preferred embodiment of this invention 1s
to create a solid core that 1s retained during the slicing motion
and ejected separately thereafter.

Another object of the preferred embodiment of this inven-
tion 1s to directly slice wedges 1n a downward motion 1imme-
diately into an enzyme emersion without delays that would
permit oxygen degradation of the fresh-cut apple surfaces.

Another object of the preferred embodiment of this inven-
tion 1s to separate the sliced wedges during their descent
through the slicing blades such that they fall into enzyme
emersion as individual segments, thus assuring complete
enzyme coating of the all sliced surfaces.

Another object of the preferred embodiment of this inven-
tion 1s to provide a modular design to the machine which
allows for variable sizes of guide pins and core tubes, suitable
for various sizes of apples, recognizing that larger apples have
larger core and seedpod areas, requiring larger core tubes and
guide pins.

Objectives with Regard to the Equipment, Its Safety, Pro-
ductivity, Usetul Life, and Efficient Operation

Another principal object of the preferred embodiment of
this 1nvention 1s to automate the apple coring and slicing
operation for the sake of product quality, food safety and
production efficiency.

An objective of the preferred embodiment of this invention
1s to balance the center of gravity and the center of all forces
in the machinery, using a radial design such that all forces are
at equilibrium 1n the geometric center of the machine.

An objective of the preferred embodiment of this invention
1s to use compatible materials which may be similar or dis-
similar depending on their requirements for strength, wear,
rigidity, natural lubricity, induced or reduced iriction and
non-corrosive applications, recognizing that the invention
must meet the material requirements for food satety applica-
tions.

An objective of the preferred embodiment of this invention
1s an “open architectural design” that permits easy cleaning,
casy disassembly and replacement of components and reas-
sembly of the equipment.

An objective of the preferred embodiment of this invention
1s to perform 1n an automated continuous duty cycle for long
periods of time.

An objective of the preferred embodiment of this invention
1s to provide infinite speed, pressure and time delay adjust-
ability, any combination of which can be suited to the product
and operator’s requirements.

An objective of the preferred embodiment of this invention
1s to allow human discretion 1n the apple selection and place-
ment process at the point of 1nsertion of the apple.

The foregoing objects, and how they are accomplished by
one or more features of the preferred embodiment of the
invention are more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 depicts an overview of the preferred embodiment of
the 1nvention.
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FIG. 2 depicts only a portion of the preferred embodiment,
for clarity, with all the other parts from FIG. 1 not shown.
Specifically, FIG. 2 only shows: apple (1), upper guide pin
(2), core tube (3), rubber-taced ram (4), lower guide pin (5),
and knife cassette (6).

FIG. 3 depicts the Blade Cartridge Assembly.

FIGS. 4a, 4b, 4¢ and 4d each depicts sectional views of a
portion of the preferred embodiment 1n operation.

DETAILED DESCRIPTION OF THE
EMBODIMENT

PREFERRED

Retferring now to FIG. 1, the preferred embodiment of this
invention 1s implemented by a machine supported by three
legs (8) 1nside a reservoir of enzyme solution (not shown).
The level of solution approaches the height of the lower
platform (9). Apples (1) that pass through the knife cassette
(6) fall immediately into the solution. Integral to the knife
cassette 1s a vertical lower guide pin (5) that 1s an extension of
the blade cone support (7). The bottom of the blade cone
support rests on the same plane as the bottom of the legs.

For clarity, FIG. 2 shows only apple (1), upper guide pin
(2), core tube (3), rubber-faced ram (4), lower guide pin (5),
and knife cassette (6) with all the other parts from FIG. 1 not
shown. Rubber-faced ram (4) need not be covered with rub-
ber, but can be uncovered, or covered with other cushioning,
tflexible or elastic type matenal.

Referring now briefly to FIG. 3, the blade cartridge assem-
bly 1s comprised of the lower guide pin (3), knife cassette (6)
(from FIG. 2), and blade support cone (7). The blade cartridge
assembly can be removed and replaced at will by lifting 1t out
of position. FI1G. 3 also depicts blade ring (17) with blade
locking wedges (18). The head of the lower guide pin (8) 1s the
target for apple placement. An apple (1) may be placed to rest
on its calyx, or 1t may be placed upside-down or inverted to
rest on 1ts stem hole, either being at the discretion of the
operator based on the shape of the variety of apples being
processed.

The knife cassette (6) (1from FIG. 2, but shown in constitu-
ent parts 1n FIG. 3) holds a plurality of vertical blades (19).
There may be as few as one or two blades cutting the apple
into two sections, or as many blades desired to cut any maxi-
mum discrete number of segments. The blades radiate out-
wardly from the lower guide pin (5) to the outer ring of the
blade cartridge assembly (see FI1G. 3). Although the direction
of slicing 1s vertical, the blades are tipped downward toward
the lower guide pin (6) and 1ts blade support cone (7). Thus, a
bias 1n apple motion is created which naturally holds the
wedges against the lower guide pin’s outer surface until the
blade support cone (7) spreads the wedges outwardly nto
solution. Wedges move straight down during slicing and then
outward into solution after slicing 1s complete.

Referring back to FIG. 1, a safety door (18) 1s timed to open
and close, allowing the operator to place an apple (1) on the
lower guide pin (5) and wait for the upper guide pin (2) to
descend into place, at which time the operator pushes the
cycle start button (17) to mitiate the balance of the cycle.

Continuing to refer to FIG. 1, 1n order to minimize the use
of electricity 1n a wet area (a matter of safety), the operation
of the machine 1s controlled by an air-logic system that dis-
tributes air at given pressures, intervals and directions, to a
series of air cylinders (15) that are fixed to the upper platiorm
(11). In the very center of the upper platform (11) 1s a single
air cylinder that drives the upper guide pin (2). On opposing
sides of the single air cylinder are two additional air cylinders




US 7,597,920 B2

S

that drive the coring platform (14). The coring tube (3 ) 1s fixed
to the coring platform (14) and encapsulates the upper guide
pin (2).

When the cycle start button (17) 1s pushed the coring tube
(3) descends, pierces the apple, 1solates the apple core inter-
nally and stops slightly short of contacting the lower guide pin
(5). During the core tube’s descent the apple (1) remains 1n
place because 1t 15 attached to its core all the way up to the
final moment when the core tube pierces through the bottom
of the apple. At that point the apple separates from the core,
but remains suspended on the core tube (3) by Iriction.

Next, twin opposed air cylinders (15) mounted on the
upper platform (11) (preferably 1n a transverse plane to the
previously mentioned air cylinders) drive the ram platform
(13). The rubber-faced ram (4) 1s fixed to the ram platform
(13) and encapsulates the core tube (3). The ram (4) pushes
the apple (1) downward. The apple (1) pilots 1tself 1n a tele-
scoping fashion, firstly sliding over the core tube (2), and
secondly over the lower guide pin (5), making a seamless
transition between the two. Knife blades that extend radially
from the lower guide pin (3) slice the apple into a plurality of
segments or wedges which fall into enzyme solution.

The frame of the machine 1s made up of two fixed triangu-
lar platiorms, the lower platform (9) and the upper platform
(11). They are spaced apart by three fixed ceramic coated
guide rails (10), upon which all other platforms are free to
move 1n the vertical direction by way of composite bearings
(12). The length of stroke for each platiorm 1s adjustable by
means of stop nuts (16) at the top of cylinder rods and by the
use of spacers (not 1identified in this FIG. 1).

After the apple 1s sliced, the ram (4), core tube (3) and the
upper guide pin (2) are retracted 1in sequence to their upper-
most positions. As the core tube (3) retracts 1t exposes the
solid core of the apple. At this point the core 1s still being held
by pressure between the lower guide pin (8) and upper guide
pin (2). At the moment that pressure 1s released, a transverse
air blast ejects the solid apple core into a separate receptacle.
Finally, the safety door opens, the operator places another
apple and the cycle repeats.

FIG. 3—Blade Cartridge Assembly. The blade cartridge
assembly 1s a separate serviceable unit of the coring and
slicing machine. It can be quickly disassembled, serviced and
reinstalled. The blade support cone (7) 1s the base unit that
rests on the bottom tray surface of an enzyme reservoir. It 1s
normally submersed 1in the enzyme solution. The blade man-
drel (20) 1s directly above the blade support cone (7) and 1s
fastened 1nto it. Individual kmife blades (19) are embedded
into the blade mandrel (20) and clamped downward by the
lower guide pin (3). The blade cartridge assembly holds a
plurality of knife blades that extend radially from the blade
mandrel (20) and terminate 1n slotted positions 1n the blade
ring (17). The knife blades (19) are individually clamped to
the blade ring (17) with blade locking wedges (18). The
diameter of the blade mandrel (20) 1s less than the lower guide
pin (5). This condition permits the kmife blades (5) to be
anchored and restrained below the lower guide pin (5) and
inside the perimeter of the guide pin’s sliding diameter such
that the active cutting edges of the knife blades will com-
pletely sever the apple segments from lower guide pin (5) to
blade ring (17) without any obstructions, spot welds, bends,
or other interruptions to the cutting surfaces. The blade lock-
ing wedges (18) exert a side pressure against the knife blades
(19) that assures their rigid vertical position during slicing.
The knife blades (19) are radially positioned 1n a downward
direction from the outer blade ring (17) to inner lower guide
pin (3). This condition creates a bias 1n apple wedge motion,
such that the wedges are held against the lower guide pin’s (5)
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outer surface as they descend through the knife blades (19).
This assures a straight path through the knife blades (19)
during slicing which prevents tearing of the apple’s cell struc-
ture. At the bottom of the descent the tapered apron surface of
the blade support cone (7) spreads the apple wedges 1n an
outward direction so that they will fall into the enzyme 1ndi-
vidually and be fully coated with enzyme.

Referring now to FIG. 4, the operation of the preferred
embodiment can be better understood. In FIG. 4-a, apples (1)
are positioned by human discretion and oriented by hand so
that the calyx of the apple rests on a vertical lower guide pin
(5). Concurrently, as part of an automated cycle, an upper
guide pin (2), coaxial with the lower guide pin (5), descends
into the stem hole until a preset pressure between pins secures
the apple 1n a stationary position, held by a compressive force
through 1ts core, as shown 1n FIG. 4-a.

As shown 1n FI1G. 4-b, the operator’s hand 1s removed and
the cycle continues such that a thin-walled coring tube (3)
descends downward, piloting over the upper guide pin (2) and
through the apple (1) 1n a piercing motion until 1t reaches the
lower guide pin (8), thus separating the core of the apple from
the rest of the apple, internally, as shown 1n FIG. 4-b. There-
aiter, a soft rubber faced ram (4) descends downward, piloting
over the core tube (3) as 1t pushes the apple through a cassette
of radial knife blades (6) so as to create a plurality of wedges
in a single descent. The apple 1s guided through 1ts descent,
first over the core tube (3), and secondly over the lower guide
pin (3). A tapered support pillar under the knives induces the
wedges to separate from each other as they descend into a
solution of enzymes that immediately seal freshness into the
apple by preventing oxygen from reaching or reacting with
the raw cell structure of the sliced wedges, as shown 1n FIG.
dc.

Thereatter, the ram (2), core tube (3) and upper guide pin
(4) retract to their upper positions allowing the solid apple
core to be gjected at a precise moment by air blast or other
method, as shown in FIG. 4d. At this point the operator 1s
ready to place another apple and the cycle repeats.

SUMMARY OF THE PREFERRED
EMBODIMENT

In the preferred embodiment a single station 1s used to
position the apple, to compress and hold the apple by its core,
to core (pierce and 1solate) the apple, to slice the apple, and to
retain and eject the solid core. In other words, instead of
grasping the apple and slicing and punching out the core, this
embodiment captures the core, and slices off the apple 1n
slices. The apple slices have but to fall away from the blades
into the solution without being handled at all. This embodi-
ment produces the most accurate and premium quality prod-
uct and substantially reduces the cost of equipment. The
outside surfaces of the edible portion of the apple (the slices
themselves) are not touched by machine components, and are
therefore not bruised or otherwise damaged. The cut surfaces
are straight and cleanly severed with little or no tearing of the
apple’s cell structure. The above accuracy of slicing 1s facili-
tated by combining the core tube (3) and lower guide pin (3)
into a concentric and connected condition that creates a con-
tinuous and seamless “linear guide rail”. The apple (1) 1s
piloted through the knives over this “combined linear rail”,
assuring a precision low stress coring and slicing of the apple.

DESCRIPTION OF SOME ALTERNAT
EMBODIMENTS

(Ll

It 1s possible to divide the process steps described 1n the
“single station” embodiment discussed above into a “multiple
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station” concept without compromising the claims of the
invention or merits of the process as claimed. One example
would be to create a “two station” machine with a circular
turret concept. Apples would be loaded 1nto station #1 where
they would be oriented and cored, then the turret would index
so that the upper half of the machine would take the cored
apple (st1ll around the core tube) to a second station. At station
#2 the already cored apple would be sliced by the same ram
movement discussed above. The core could be ejected at
station #1 or station #2 as preferred. This embodiment would
reduce the cycle time of the machine and increase production.
It would require two 1dentical “pin, tube & ram” assemblies
that would i1ndex above the apple, between station #1 and
station #2. Station #1 would house a lower guide pin only.
Station #2 would house a complete blade cartridge assembly
with lower guide pin. All of the described conditions of align-
ment, concentricity, and contact would be maintained at each

station, just as they are in the *“single station” preferred
embodiment.

Likewise, “twin-spindle” configurations could also index
through multiple stations, thereby processing more than one
apple at a time. In other embodiments, one or more of the
teatures described above could be combined with the “twin-
spindle” embodiment.

In alternate embodiments, some or all of the actions attrib-
uted to the human operator can be performed automatically,
by machine, or robotically, and/or 1n response to computer
programmed 1nstructions.

In addition to “apples™, other relatively soft-cored fruits
such as Asian, or other pears are equally served with the
preferred embodiment or other embodiments of this mven-
tion.

In addition to soft-cored fruits, pitted fruits such as apricots
and peaches are equally served with the preferred embodi-
ment or other embodiments, understanding that the core tube
1s preferably greater in diameter than the pit of the fruat.

In addition to soft-cored fruits and pitted fruits, fibrous
cored fruits such as pineapples may be sliced in similar format
by the preferred embodiment other embodiments, under-
standing that a generally larger scaled machine size 1s prei-
erable.
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The mvention claimed 1s:

1. A method to core pitted fruit or soft-cored fruit to remove
a fruit pit or a soft core from fruit meat and to slice fruit meat
comprising:

holding the pitted fruit or the soft-cored fruit between a first

pin and a second pin, the first pin and the second pin
being linearly opposed along a common axis;

pressing a core tube concentric with the first pin and the

second pin through the held pitted fruit or the soft-cored
fruit to capture the fruit pit or soft core within the internal
region of the core tube while the fruit meat adheres to the
external surface of the core tube;

moving the adhered fruit meat from the external surface of

the core tube and through a plurality of blades outwardly
radiating beneath the second pin;

expelling slices of the fruit meat into a reservoir beneath

the plurality of blades upon passage of the adhering fruit
meat through the plurality of blades; and

¢jecting the fruit pit or the soft core from the mnternal region

of the core tube during movement of the adhering fruit
meat 1nto a separate receptacle.

2. The method of claim 1, wherein holding the pitted fruit
or the soft-cored fruit includes placing the calyx of the pitted
truit adjacent to the second pin or placing the stem hole of the
pitted fruit adjacent to the second pin.

3. The method of claim 1, wherein pressing the core tube
includes transiting through the pitted fruit or the soft-cored
fruit without completely penetrating through the pitted truit
or the soft-cored fruit near the second pin.

4. The method of claim 1, wherein expelling slices of the
fruit meat to the reservoir includes engaging a conical
shaped pillar support to separate the slices within the reser-
volr having an enzyme solution formulated to minimize oxi-
dation of the slices.

5. The method of claim 1, wherein ejecting the fruit pit or
the soit core includes purging the fruit pit or the soft core from
the core tube to the separate receptacle using pressurized
gases directed transversely to the core tube.

6. The method of claim 1, wherein the pressing, moving,
expelling, and ejecting sequence 1s controlled by an air-logic
system that distributes air at given pressures, interval, and
directions to 1mitiate the sequence after placing the pitted truit
or the soft-cored truit between the first pin and the second pin.
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